The objective of the present study was to assess esophageal motor function in 21 children (7.5 ± 2.9 years) with caustic strictures. Esophageal manometry was performed using a water-infusion system interfaced with a polygraph and displayed on a computer screen. The data were compared with those obtained from 9 healthy children. Radionuclide transit was determined by studying deglutition of a single bolus of 99m Tc pertechnetate in 10 ml of water. Non-peristaltic low-amplitude and long-duration waves were the most common findings detected in patients with strictures longer than 20% of esophageal length (N = 11). Compared with the control group, these patients presented lower mean amplitude and longer mean duration of waves (24.4 ± 11.2 vs 97.9 ± 23.7 mmHg, P < 0.05, and 6.7 ± 2.4 vs 1.6 ± 0.1 s, P < 0.05, respectively). Six patients presented low-amplitude waves just below the constricted site. Ten children presented delayed esophageal transit. There was an association between dysphagia and abnormalities on manometry (P = 0.02) and between symptoms and scintigraphy data (P = 0.01). Dysphagia in caustic strictures is due to esophageal motility abnormalities, which are closely related to the scarred segment. 
Introduction
Infants and young children often accidentally ingest caustic agents. Most accidents occur because children have access to strong household cleaners that were stored inappropriately in food and drink containers. Latin American children are more vulnerable because caustics are commercially available and there is no legislation requiring the manufacture of less concentrated products. A recent survey has reported up to 100 accidents per year at a single Health Unit in Montevideo, Uruguay, with most accidents involving children who had ingested sodium hydroxide or lye solutions (1) .
Ingested liquid alkaline agents cause injuries to the entire esophagus, destroying even the full thickness of the organ wall (2) . A few months after the accident, different degrees of esophageal damage may be identified in 22 to 58% of affected children (3) . A deep circumferential burn involving muscles heals by fibrosis, causing a stricture that will give origin to a long-term health problem. In Brazil, most endoscopic therapeutic procedures at Pediatric Centers consist of esophageal dilatations of chronic caustic strictures (4) .
Dysphagia is the most common symptom and in many cases it is a consequence of the esophageal narrowing. However, it has been observed that swallowing difficulties are not always related to the esophageal stricture and that motility abnormalities also play an important role as a cause of the symptom (5, 6) .
We report here the results of esophageal motility studies carried out on children with esophageal strictures caused by severe caustic accidents.
Patients and Methods
Fifty-eight children with esophageal caustic burns were admitted to the University Hospital of the School of Medical Sciences, State University of Campinas, Campinas, SP, Brazil, over a 10-year period (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) . Of these, 52% (N = 30) have been treated with a dilatation protocol involving upper digestive endoscopy for stricture formation and obstruction of the esophageal lumen. Esophageal motility was studied in 21 of these children, 6 patients were not studied for having a guide thread for bouginage treatment and three children were lost follow-up because of moving to another city during the study period.
All patients had ingested sodium hydroxide. Age at the time of the accident ranged from 1.2 to 13.4 years (2.8 ± 2.6 years, mean ± SD). At the time of the functional study, patients were aged 4.3 to 15.5 years (7.5 ± 2.9 years, mean ± SD). All occurrences were accidental, except for one girl who had attempted suicide.
Immediately after the accident, patients were hospitalized and intravenous fluid and a prophylactic antibiotic were administered. Those who were unable to swallow received total parenteral nutrition, had a nasogastric tube placed under endoscopy guidance, or underwent emergency gastrostomy. An esophagogastroduodenoscopy was performed within 48 h of caustic ingestion to determine the severity of injury. Damage was considered slight when it consisted of mucosal erythema, moderate when there were non-circumferential superficial ulcerations, and severe when erosions or ulcerations were confluent, deeper than in moderate cases, and included the entire esophageal circumference.
During the study period, 9 patients underwent regular esophageal dilatations. The remaining children had undergone esophageal dilatations in the past. Sixteen patients had undergone a fundoplication before the functional studies because of a reflux index above 4% in prolonged pH monitoring and/ or erosive peptic esophagitis in an upper digestive endoscopy. Two patients (number 1 and 6 in Table 1 ) needed esophageal replacement surgery performed after the functional study. Esophageal fragments from these two patients were fixed in formol, embedded in paraffin, sectioned transversely, and stained with hematoxylin-eosin.
Functional studies were performed 2 days apart. In patients undergoing dilatation, the studies were scheduled 2 weeks after the procedure. An upper digestive endoscopy was performed during the two-week period before the functional studies for an eventual diagnosis of peptic esophagitis. Anatomical or histological signs of peptic esophagitis were not diagnosed in these upper digestive endoscopy procedures.
Functional studies
Motility studies were performed using a water-infusion manometry system with a lowcompliance pneumohydraulic capillary-infusion pump. The catheter (available from Arndorfer Medical Specialties, Greendale, WI, USA) consists of four capillary tubes with an outer diameter of 3.0 mm (orifices placed 3 cm apart) used for children under 5 years old, or of 3.5 mm (orifices placed 5 cm apart) for older children. Each capillary was connected to a polygraph and data were displayed on a PC (IBM™), using a specific software (Gastrosoft™, Polygram Upper GI™, version 6.40, Synectics Medical™, Stockholm, Sweden).
Esophageal manometry was performed after a 6-h fast. Patients were studied while lying on their left side and received no sedatives. The catheter was introduced through the nostril until the four side holes were inside the stomach. After 15 min for patient adaptation, the catheter was pulled out in 0.5-cm steps and the lower esophageal sphincter pressure was measured (through the four orifices) using the station pullthrough technique. Sphincter pressure was measured from gastric baseline to end-expiration pressure at the highest resting pressure (usually immediately before the pressure inversion point). The mean of the pressures measured at the four orifices was taken to be the lower esophageal sphincter pressure.
To evaluate the esophageal body, contraction waves were induced by swallowing 3 to 5 ml of water. The amplitude and duration of contraction waves for each individual were calculated as the mean of 10 swallows. A swallowing complex was considered to be measured only when it started at least 20 s after the previous one. Contraction wave amplitude was measured 3 cm above the proximal end of the lower esophageal sphincter. Non-peristaltic contractions were defined as the simultaneous onset of contraction waves recorded 3 or 5 cm apart. Reference values were obtained from nine healthy children (mean age ± SD: 8.9 ± 1.7 years) undergoing esophageal manometry due to unconfirmed gastroesophageal reflux disease (control group).
Esophageal transit scintigraphy for detecting esophageal transit time was carried out using 10 ml of water containing 99m Tc pertechnetate. All children were studied in the sitting position after a fast of at least 6 h. The child was asked to swallow a single bolus and the progression of the bolus through the esophagus was monitored with a computerized gamma camera. Esophageal transit was considered to be normal when the entire radioactive bolus passed through the esophagus and entered the stomach in less than 8 s, leaving no residual radioactivity in the esophageal area. Three scores were used in the presence of residual radioactivity (7): 1) slight esophageal transit delay = residual activity less than 5% for more than 8 s and less than 15 s; 2) moderate esophageal transit delay = less than 5% of residual activity for more than 15 s or more than 5% residual activity for less than 20 s; 3) severe esophageal transit delay = more than 5% residual activity for more than 20 s.
Results are reported as means ± SD. Data were analyzed statistically by the unpaired Student t-test or Fisher exact test, with the level of significance set at 5%.
The Hospital Ethics Committee approved the study, and informed consent was obtained from the parents of all patients.
Results
The clinical and laboratory data of the patients are presented in Table 1 . The mean of the interval from the accident to the functional studies was 4.6 ± 2.6 years. There was no association between severity of acute esophageal injury and late dysphagia (P = 0.51, two tailed Fisher's exact test).
The results of lower esophageal sphincter pressure and contraction amplitude are also presented in Table 1 . Lower esophageal sphincter relaxation was complete and coordinated with swallowing complexes in 17/21 patients. It was not possible to identify this event in 4 patients because of very low lower esophageal sphincter pressure (cases 2, 8, 12, and 18). *Follow-up refers to the period from accident to functional study; **total number of dilatations performed in the past and current frequency; + total number of dilatation sessions performed in the past and total period of dilatation therapy. LESP = lower esophageal sphincter pressure in mmHg; M-D = middle and distal esophageal segments; M = moderate; N = non-operated; Np = not performed; P-M = proximal and middle esophageal segments; S = severe; Y = operated.
In 11 patients displaying long strictures (>20% of esophageal length), deglutition complexes also presented aperistalsis. The results of manometry recordings are presented in Table 1 . Most of these recordings presented elevated basal pressure, low-amplitude waves and exaggerated transmission of aortic pulse ( Figure 1A ). Manometry data from this group were compared with the control group data and are presented in Table 2 .
Data on esophageal manometry recordings from children who underwent fundoplication were compared to those from nonoperated children. The results related to esophageal body or lower esophageal sphincter pressure and upper esophageal sphincter pressure did not differ significantly between groups (Table 2) .
Six patients presented esophageal motor abnormality characterized by low-amplitude, broad-based and double-peak contractions localized only in the constricted esophageal segment ( Figure 1B) . Four patients presented peristaltic contractions with mean amplitude and duration similar to the control group (101 ± 36.1 and 97.9 ± 23.7 mmHg, respectively; P > 0.05). There was no significant difference in wave duration between these patients and controls (1.7 ± 0.9 vs 1.6 ± 0.1 s, respectively; P > 0.05).
Upper esophageal function was considered normal when compared to healthy controls. Upper esophageal sphincter pressure could be measured in 15 patients and the mean value was not different from the control group (88.9 ± 21.7 vs 80.2 ± 16.7 mmHg, P > 0.05). Normal coordination with the pharynx and complete relaxation occurred following swallowing. Six patients did not tolerate the water perfusion of the upper esophageal sphincter during the catheter pullthrough technique.
There was a significant association between the presence of dysphagia and abnormalities on manometry (P = 0.02, Fisher) and between dysphagia and scintigraphy results (P = 0.01, Fisher). There was a strong 23w (10) 23w (11) 23w (12) 25w (5) 25w (6) association between esophageal transit delay and aperistalsis on manometry. Recordings on manometry which showed abnormalities localized in a portion of the esophageal body did not present a correlation with the scintigraphy findings (P = 0.09).
The pathological study of esophageal segments from two children who underwent a replacement procedure showed extensive fibrosis totally replacing the mucosal and submucosal layers and partially replacing the muscular layer. A histologically normal myenteric plexus was identified in all segments examined (Figure 2 ).
Discussion
Alkali ingestion in childhood is usually accidental and involves smaller amounts than those ingested by adults with a suicidal intent. However, esophageal injuries are equally deep and result in strictures in about 30% of all accidents (8) (9) (10) . Recent studies have reported motor dysfunction after second-or third-degree burns and complete absence of peristalsis, and low-amplitude waves after swallows were found in 70% of recordings on manometry (5, 11) . Low-amplitude aperistaltic contractions and narrowing and shortening of the esophagus have been considered to account for impaired esophageal motor function (5, 6, (11) (12) (13) . These studies indicated that development of esophageal stricture, impaired motility, and gastroesophageal reflux are very frequent outcomes of caustic esophageal burns and should be considered when evaluating symptoms and defining therapeutic strategies. The children in the present series continued to display dysphagia even after being discharged from dilatation therapy, as also reported by Bautista et al. (5), who concluded that the patients' complaints do not always correspond to the degree of severity of the stenosis but indicate disturbances of esophageal motility.
Esophageal dysmotilities were observed frequently in our series and the severity of complaints was associated with scintigraphy and manometry findings. Scintigraphy is considered to be the most reliable procedure for evaluating esophageal motility (14) (15) (16) (17) . However, manometry is considered to be more sensitive to identify nonspecific abnormalities in patients with non-cardiac chest pain (18) . In the present study, all subjects with esophageal transit delay had absent peristalsis on manometry, but there was no significant correlation between the presence of non-generalized abnormalities and esophageal transit delay, probably reflecting the lower accuracy of scintigraphy in identifying abnormalities limited to a part of the esophagus. A previous report demonstrated that delayed esophageal emptying is associated with aperistalsis more than with any other esophageal motor abnormality (17) .
We found that length of the cicatricial replacement of mucosa was significantly associated with absent peristalsis, esophageal transit delay, and dysphagia. The anatomopathological basis of the esophageal motor abnormalities in the chronic phases of caustic esophagitis is under discussion. The depth of penetration into tissue by the alkaline agents has been demonstrated experimentally (2, 19) . Tissue penetration with lique- B D factive necrosis is followed by destruction of the epithelium and submucosa with intense inflammation, and in severe burns inflammation may extend through the muscle layer. Impaired esophageal motility may be the result of fibrotic structure, shortened esophagus, and reduction in neuron number in the myenteric plexus (5, 11) . The large number of dilatations is also implicated as a factor leading to tissue injury and dysmotility (11) . In two children from our series treated with esophageal replacement, histological examination showed extensive fibrosis compromising the mucosa, submucosa and partially the muscularis layers. The internal muscular layer was the most affected by fibrosis, but the myenteric plexus was present and preserved. The close association between the length of mucosal fibrosis and the findings on manometry indicates that dysphagia is more the result of a restrictive effect of the scarred tissue on muscle contractility than of damage to the functional integrity of the motor myenteric plexus. Our manometry recordings showed complete and coordinate lower esophageal sphincter relaxation in most patients with aperistalsis and in all those with localized abnormalities, suggesting adequate function of the myenteric plexus.
Although previous studies have shown that lower esophageal sphincter failure does not occur in subjects with esophageal caustic burns (5,6), 15 patients from the present series had a lower esophageal sphincter pressure below the mean ± SD value in the control group. A severely burned esophagus becomes narrower and also shorter compared with its original shape (19) , compromising the length of the intraabdominal esophageal segment. The length of the intraabdominal esophageal segment has been identified as an important factor in proper functioning of the lower esophageal sphincter (20) .
Peptic inflammation repeatedly triggers stricture formation, impairing the outcome of caustic esophageal strictures (13) and may be also a different factor impairing esophageal motility (21) .
Children with severe caustic strictures often need a large number of dilatations over long periods of time. In the long run, this may be associated with anesthetic-related toxicity and an increase risk of complications. Predicting which children would suffer from persistent dysphagia and would need esophageal replacement might help obviate the need for a long period of useless dilatation procedures. Further studies are needed to confirm the suggested association between length of injury and final outcome.
The present data show that ingestion of caustic substances by children may produce severe chronic esophageal damage that leads to disturbances of esophageal motility which are related to the length of mucosal fibrosis. Involvement of more than 20% of the esophagus length may be associated with persistent dysphagia.
